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Fig. 2. 3D cartilage information that segmented by NSAM and 2D BCI.
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Purpose: There is large interest in using quantitative magnetic resonance
imaging (qMRI) to identify degenerative changes of osteoarthritis (OA)
in cartilage. The objective of this study was to use qMRI to identify a
series of image metrics on knee MRI that can be used to identify early
detection and progression of OA in asymptomatic individuals. In normal
cartilage, there is a spatial distribution of cartilage MRI T2 values that is
strongly inﬂuenced by the highly anisotropic organization of the collagen
matrix and regional variation in cartilage water content. We hypothesize
that loss of the normal spatial distribution of cartilage MRI T2 values,
as quantiﬁed by texture features, will identify distinctive signatures of
OA prior to symptomatic or radiographic evidence of OA. This change
in T2 signal homogeneity could be used to predict the development of
symptomatic disease progression.
Methods: The Osteoarthritis Initiative (OAI) was used to select control
and rapid OA progression populations of knee cartilage T2 maps. The
control population from the OAI was used for collecting asymptomatic,
healthy individuals (n = 89). The incidence cohort was used to identify
a rapid progression population of OA deﬁned as asymptomatic with
no radiographic changes at the initial time point (WOMAC< 3; KL < 2)
that had a large increase in WOMAC score (greater than 10) at the
three year time point (n = 120). DESS sequences were used for semi-
automated segmentation using an edge based algorithm. Multi-modality
registration between DESS and T2 sequences was completed using the
Mattes mutual information metric to apply the segmented DESS cartilage
mask to the T2 mapped sequences. Approximately 800 image features
were extracted from each image to develop a texture based metric.
The support vector machine method was used to design a classiﬁcation
model to discriminate image features associated with the control and
rapid OA progression populations based only on the baseline MRI.
Repeated random 50–50 splits of the cohorts were used to divide the
overall populations into independent selected training and test data sets.
Margin based feature elimination was used to eliminate redundant and
uninformative features.
Results: Image features that quantify signal homogeneity can be used
to identify T2 mapped sequences that will have rapid symptomatic
progression of OA. Using the entire image feature set, the average
accuracy of our texture metric at predicting rapid progression of OA
was measured at 79±4% with a sensitivity of 82±6% and a speciﬁcity
of 76±7%. In these experiments, only 20 of the original approximately
800 features are essential. When this small subpopulation of features
was used, our model had a similar accuracy of 75±6% with a sensitivity
of 79±7% and a speciﬁcity of 69±7%. A large majority of the errors in
classiﬁcation occurred with texture metric values in close proximity to
the decision boundary. Accordingly, these image features used to quantify
signal homogeneity through a texture metric can be considered “image
biomarkers”. These features included run length, co-occurrence matrix,
entropy, and local energy measures. Surprisingly, for most individuals,
the image features that predicted symptomatic progression are primarily
located in one of the three knee compartments. When the knee is
separated into the patella, medial, and lateral compartments, in more
than 80% of knees, the texture metric that identiﬁed a knee with early
signs of OA were primarily located in only one of these compartments.
Conclusion: Structural changes in knee cartilage of asymptomatic
individuals with no radiographic signs of OA measured by quantifying
signal homogeneity on T2 maps predict the later progression of clinical
OA symptoms. For most individuals, this loss of signal heterogeneity
primarily occurs in only one of the three main knee compartments
suggesting that on an individual basis one of the compartments play a
dominant role in predicting OA progression.
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Purpose: Accurate evaluation of severity or stage of disease is
essential for estimating the prognosis and efﬁcacy of treatments. For
this purpose, several MRI-based semi-quantitative scoring systems for
knee osteoarthritis (KOA) have been developed. Among them, Whole-
Organ Magnetic Resonance Imaging Score (WORMS) is a representative
procedure and has been reported to be useful for KOA evaluation, but it
is too complicated and time-consuming for practical use.
We developed a clinically practical MRI-based simpliﬁed scoring system
for medial type OA of the knee (SMOAK). In this study we analyzed the
association between SMOAK and several parameters in the purpose to
assess the ability of SMOAK to predict progression of KOA.
Methods: MR images of 30 knees with medial type KOA were analyzed
using the new scoring method (SMOAK) which incorporated only
3 features of KOA: bone marrow lesions (BMLs), subchondral bone
irregularity, and the medial meniscus. Each feature was scored from 0 to
6 according to extent and severity. The total score was 18 at the worst.
All knees were also evaluated by the Kellgren-Lawrence (KL) grades,
and WORMS. Association among KL, SMOAK and WORMS was assessed.
Knee symptom, cartilage volume, and joint space width at baseline and
12 and/or 24 months follow up were analyzed as well. Data for these
analyses are from the Osteoarthritis Initiative (OAI) public use data set
of progression cohort. Association among each parameter and SMOAK
was expressed as Spearman’s Rho.
Results: The inter-observer agreement (ICC) of SMOAK between three
readers was 0.88, while the intra-observer reliability (ICC) was 0.89.
The readers took approximately two minutes to score each knee using
SMOAK.
The mean SMOAK was 3.0±1.7, 6.3±2.3, 8.3±2.8, and 12 for KL I, II, III, and
IV, respectively. The SMOAK had good correlation with WORMS (r = 0.64,
p < 0.001), and had greater correlation with the medial compartment
scores of WORMS (r = 0.74, p < 0.001).
There was no association between SMOAK and the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC), or the cartilage
volume assessed by MRI in cross-section analysis. However, there was
moderate association between SMOAK at baseline and WOMAC knee
pain score at 24 months follow-up (r = 0.48, p = 0.018). Association
between change in SMOAK and cartilage volume from baseline to
12 months follow-up was also observed (r = 0.51, p = 0.008). Change in
joint space width determined by X-ray examination from baseline to 12
or 24 months follow-up associated with SMOAK at baseline (r = 0.56 and
0.54, p = 0.006 and 0.008, respectively).
Conclusions: The SMOAK provides KOA evaluation as reliable as WORMS,
with less complexity. It seems difﬁcult to determine the severity of
osteoarthritis of the knee by SMOAK as a cross-section evaluation, but it
may have the potential to predict future progression of the disease.
